Aim: In this in vitro study the variation of root anatomy and canal system of the first human maxillary premolar was evaluated. Materials and Methods: Two hundred and twenty one maxillary first premolars (#221 teeth) were examined. All of the teeth were identified using the accepted criteria of Woelfel as maxillary first premolars. Selected teeth are analyzed using operating microscope (OP) and computed dental radiography (CDR). Results: There was a higher incidence of two-roots form 70.14% (n = 155), 21.72% (n = 48) had one root, and 8.14% (n = 18) had three roots. In the two-root category, 16.29% (n = 36) had bifurcation on apical third, 21.72% (n = 48) had bifurcation on middle third, and 32.13% (n = 71) had bifurcation on cervical third. The examination of root canal systems of the teeth was based on Vertucci's classification type of canal: 64.58% (#31) of the cases had type IV (2-2-2), 25.00% (#12) type II (2-2-1), 8.33% (#4) type I (1-1-1), and 2.09% (#1) type III (1-2-1). Conclusion: This study showed a high incidence of two-rooted maxillary first premolars collected from different regions in Kosovo. Internal root canal system morphology reflects the external root anatomy. Furthermore, there is correlation between the shape of the outer surface of the root and the shape of the root canal. The cases with one root of the maxillary first premolar with a deep depression on the mesial side contain a double root canal system more often than a single canal.
Introduction
Root Canal Therapy (RCT) depends upon complete and accurate biomechanical preparation followed by a 3D obturation of the root canal system in the absence of injury to periapical tissues [1] . The failure of these treatments, is very often as a result of morphological variation, except the main root canal there can also present the accessory and supplementary (lateral ) canals and this is trait for every tooth [2] [3] . The internal anatomy of the maxillary first premolars is particularly complex due to their variation in number of roots and canal configuration [4] . Recent research has reported different incidence of first maxillary premolars. One root varied from 15.5% to 60% [5] - [9] , while incidence with two roots varied from 50.6% to 72%; and with three roots 0% to 6% [6] - [8] [10] [11] .
In cases with one root, incidence of first maxillary premolars with a single canal varies from 33.9% [12] to 20.4% [13] , Pecora observed an incidence 17.1% [4] , Kartal 8 ,7% [11] , Vertucci found 8.0% [6] , 3.3% found Lama [7] , Lipski 2.1% [5] , and Chaparro 1.4% [14] .
The presence of two canals is high and in discrepancy with used method, number of teeth and geographic location of population (ethnic background) and great anatomical variation of first maxillary premolar. Chaparro [14] found 95.3%, Kartal [11] 89.6%, Lipski found 88.6% [5] , 87.3% Xi-Li Weng [15] , 87.1% Nganga [16] , Vertucci 87.0% [6] , Pecora observed an incidence 80.4% [4] , 79.7% Lama [7] , and Pineda 65.6% [12] . Low incidence with three canals varies from 0% -3% [4] [9] [17]- [19] .
The aim of this in vitro study was to examine the root anatomy and canal morphology of the first human maxillary premolar with completely formed root apices: the length of tooth, the number and correlation between roots, the direction of the root curvature, the external surface of the roots, and root canal morphology (root canal system).
Materials and Methods
Two hundred twenty one first maxillary premolars (#221 teeth) were examined which had previously been extracted because of periodontal disease, or orthodontic reasons, and without knowing the history, collected by students from different regions of Kosovo (Kosovo Albanians). All of the teeth were absolutely identified by two independent observers using the accepted criteria of Woelfel [20] as maxillary first premolars, Figure 1 . They were washed after extraction and stored in a 10% formalin solution until the collection was completed. Each tooth was cleaned of any adherent soft tissues, bone fragments and calculus by scaling and polishing. Teeth were washed under running tap water and dried using a 97% ethanol solution. In this research were carefully observed and recorded: the length of tooth, number of roots and its correlation, the direction of the root curvature, the external surface of the roots, and the internal morphology of root canal system.
The length of these teeth were measured by micrometer (Westec, India), from buccal cusp tip to the root apex on the tooth with single root, and from the buccal and palatal cusp tip to the apex of buccal and palatal root. Visual inspection of the root morphology was made and the findings were recorded. The teeth were classified into groups according to number of the roots and incidence of fusion, the direction of the root curvature, and the external surface of the roots. Longitudinal depression (mesial and distal) on root was measured according to visualization from cement-enamel junction to apex: smooth, convex, slight and deep depression.
The internal morphology of root canal system was studied as followed; teeth are cut at cement-enamel junction (CEJ) with turbine (W&H, Austria) with fissure burs nr.4 (Meisinger, Germany) under water, standard access was made in each tooth until the pulpal chamber. The teeth were stored in 5.25% sodium hypochlorite solution for two days to remove pulpal tissue. Teeth were then washed in tap water for 2 hours. Operating microscope (OP) has been made for apparent entry into the root canals, under ×250 magnification. K file #6, #08 or #10 was inserted into canal, until the end of the root canal. Subsequently was making CDR (Computed Dental Radiography, Schick Technology USA) radiography, visualizing the internal topography of the root canal system. Root was then cut toward longitudinal on buccal/lingual direction until the instrument has been made visible on canal. K file is removed from the canal, under operating microscope ×250 magnification was analyzed extension of each root canal. The root canal systems were classified according to the classification of Vertucci [6] .
Results
On 221 maxillary first premolar teeth, 70.14% (n = 155) had two roots, 21.72% (n = 48) had one root, and 8.14% (n = 18) had three roots, Table 1 .
One hundred and fifty five (70.14%) of the specimens with two roots, Table 2 , of which 16.29% (n = 36) had bifurcation on apical third, 21.72% (n = 48) had bifurcation on middle third, and 32.13% (n = 71) had bifurcation on cervical third.
The length of the maxillary first premolar, The roots of maxillary first premolar viewed from mesial and distal aspect have root depressions of varying depths, only with an obvious concavity or depression on the mesial surface of crown and this depression continues on to the root, Table 4 . The teeth with fused root were found to have a deep depression on the mesial side (74.8%), and the distal side have 48.1% deep concavity. On the distal root surface, the root is convex (7.1%) then smooths (5.2%), and with slight depression were found on 39.6%.
Direction of root curvature, Table 5 , on the cases with one root toward distal 73.9%, and straight 18.6%. On the premolar with two roots: the buccal root toward distal on 38.3%, toward palatal 26.8%, and root was straight 19.9%. On palatal root were observed a distal curvature on 41.9%, toward buccal 24.9%, straight on 21.1%, and had "S" shape on 8.8%. The teeth with three roots (8.14%), MB root toward mesial on 41.8%, DB root toward mesial 48.8%, palatal root toward palatal on 56.9%, and straight 41.0%.
Distribution of number of canals on single rooted first premolar, Table 6 : with one canal was found 8.33%, 
Discussion
A detailed understanding of the complexity of root canal systems is imperative to ensure successful endodontic therapy. On the other hand, there is correlation between the shape of the outer surface of the root and the shape Figure 2 . Type of root canal on first maxillary premolar with one root.
of the root canal [4] . There is a wide range of variation in the literature with respect to frequency of occurrence of the number of canals in each root, the number of roots and incidence of fusion [5] - [14] . Furthermore, such variations affect clinical practice, and clinicians should be aware of the geographic/ethnic background and individual differences in tooth morphology. In 1969 Weine [21] provided the first clinical classification of more than one canal system in a single root and used the mesiobuccal root of the maxillary first molar as the type specimen. Pineda [12] and Vertucci [22] further developed a system for canal anatomy classification for any tooth that has a broad buccolingual diameter and may be more applicable for use in laboratory studies.
Several studies and methods have been employed and showed differences in root and canal morphology of the first maxillary premolar. Researches have also proved correlation between the shape of the outer surface of root and the shape of the root canal [4] .
These methods include decalcification of the teeth and dye injection [22] , with India Ink [23] ) or Hematoxylin, a new modified root canal staining technique [15] , [24] by immersion ink without preparing access cavities and then put into hyperbaric oxygen chamber, In vivo [19] ) and in vitro radiographic studies [25] ), sectioning of the teeth [26] ), and Computed Tomography [27] [28] have been used to study the anatomy of pulp space.
In the present study, 21.72% of the first maxillary premolar teeth had one root. This value is higher than reported, Table 8 , in the Polish population [5] but, lower than reported from other populations [2] - [9] , Vertucci 26% [2], Loh 49.4% [8] , and Walker 60% [9] .
A prevalence of 70.14% of two-rooted specimens was recorded in the present study, which is higher than values: 40.0% [9] in Chinese population, 41.7% [4] Brazilian, 56.7% [14] Spanish, 54.6% [12] Mexicans, and 56.5% [6] white Americans.
On the other hand, Lipski [5] recorded 75.3% of two-rooted specimens in the Polish population, while Charles Mugisha Rwenyonyi Ugandan recorded 73.3% [13] , and 80.9% Atieh in the Saudi population [29] .
In the present study with two roots, 71 teeth (32.13%) had bifurcation on cervical third, 48 (21.72%) on middle third, and 36 (16.29%) on apical third.
This value was compared to 32.1% of the teeth in the Singaporeans [8] , 26% in the Polish Lipski found 26% with fused roots (for more than their length) [5] , Atieh 36 .2% in the Saudis population [29] .
The three-rooted maxillary first premolar had the lowest incidence in all studies and ranged between 0% Walker [9] Chinese and Rwenyonyi [13] Ugandans, 1.2% Atieh [29] Saudis, Vertucci & Gegauff 4.0% [6] , and Lipski 9.2% [5] . In our research we found 8.14% with three roots.
Slightly differences between palatal shortly (0.2 mm) than the buccal roots, is in accordance with other authors [20] .
Single rooted first premolar was curved toward distal 73.9%, Pecora [4] found of 79.9%). Two rooted premolar, the palatal root was straight 21.1%, Pecora [4] found 24%), and curved toward buccal 24.9%, Pecora [4] 26%). The samples with three roots, root curved toward mesial dominant DB (disto-buccal) 48.8% and MB (mesio-buccal) 41.8%. Palatal roots curvature toward lingual 56.9%.
The mesial side root concavities, with obvious depression on the mesial surface of the crown continues on to the root, were deeper (74.8%) than those on the distal side, Pecora [4] found 72.4%)
The most common canal configuration for the single root maxillary first premolar is Vertucci type IV (two separate canals in one root) with 64.58%, type II (two separate root canals leave the pulp chamber and join short of the apex to form one canal) 25.00%, type I (a single canal extending from the pulp chamber to the apex of the root) with 8.33%, and type III (one orifices, two separated canals leave the pulp chamber and join short of the apex to form one canal). The first maxillary premolars with three roots had three canals mesiobuccal (MB), distobuccal (DB), and palatal. In this case with a canal and root disposition so similar to that of adjacent first molars that they are sometimes called small molars or "ridiculous" [30] - [36] .
Conclusions
Major conclusions can be drawn from this study as follows:
Most maxillary first premolar teeth collected from different region of Kosovo showed a higher prevalence of two-root morphology (70.14%), with one root (21.72%), and with three roots 8.14%.
The majority of first maxillary premolar teeth with single root have a distal curvature (root toward distal 73.9%). Buccal (38.3%) and palatal (41.9%) roots toward distal on two rooted premolar.
The curvature of mesiobuccal (MB) root toward mesial 41.8%, distobuccal (DB) 48.8%, the palatal toward lingual 56.9% on the first premolar with three roots. "S" curve predominant (18.5%) on MB roots in the cases with three roots.
Prevalence of deep longitudinal depression on proximal surface with one root was observed on mesial root surface of 74.8% and slight on 48.1% of the distal root surface.
In the cases with one root, there is a correlation between outer shape of root (the mesial side concavity with obvious longitudinal depression, 74.8%) and internal topography of root canal system (contains a double root canal system more often than single canal).
On single rooted premolar there found one canal of 8.33% (Type I), two canals 91.1% (Type IV = 64.58%, Type III = 2.09% and Type II = 25.00%).
